Diabetes mellitus, a chronic disorder which affects people of all ages mainly due to improper food habits, lack of exercise etc. It is difficult to analyze the root cause of this disorder. Laboratory work consumes time and as well requires animal models in order to arrive at good results. Bioinformatics has extended a helping hand through molecular docking for the drug candidate to identify and also to dock with the protein targets related to various diseases. This review paper insights about in silico approach of natural and synthetic compounds which act as both inhibitors or agonists towards protein targets related to diabetes mellitus such as Peroxisome proliferators activated receptor gamma (PPAR-g), Glycogen synthase kinases 3b (GSK-3b) and Aldose reductase (AR).
INTRODUCTION
Molecular docking is an important method employed for forecasting and investigating the binding capacity between protein targets and drugs. It gives detailed information about the functional groups present in the drug molecules to which the receptor interact and also has created a new coherent approach to drug design 1 . Diabetes mellitus stands third in life-killing diseases which has attained maximum percentage globally and affects more than 170 million of all ages 2 . It can be treated in many ways such as insulin injections and hypoglycemic drugs, but still faces long term complications 3 . All ailments and diseases, involve some biological processes such as, cell-to-cell communication, neural transmission, etc. which is quite complicated to understand the pathway and also to arrive at accurate results. Therefore, controlling diabetes without any ill effects is still a promising experiment to medical field.
In vivo and in vitro studies constitute the experiments for simulating them in the wet lab whereas in silico (computer aided) methods do not need animal models or enzymatic methods. In silico approaches have gained vast popularity recently and have become a vital part of the industrial and academic research that is directed towards drug design and discovery. In medical field, the synergetic combination of computer science and information technology leads to the birth of Bioinformatics. Sequence alignment, gene finding, design of the structure of drug, drugs discovery, protein structure alignment etc 4 are the various research domains in bio-informatics.
Drug discovery involves two phases one is discovery of the drug and another is clinical testing both of which demands high costs and time. The final stage involves the approval to market the drug. Before the introduction of in silico studies, the drugs were tested clinically. High throughput screening (HTS) facilitates many chemical, pharmacological tests in speedy manner to identify bio active compounds. In spite of high throughput screening being expensive, it continues to be dynamic and very competitive. A novel high-throughput screening test for proposed anti-diabetic agents interacting with the protein target PPARg was reported 5 . This paper gives an overview of in silico approach of various ligands either as inhibitors or agonists on three protein targets related to diabetes mellitus such as Peroxisome proliferators activated receptor gamma (PPAR-g), Glycogen synthase kinases 3b (GSK-3b) and Aldose reductase (AR). The docking of the ligands with the targets was calculated on the basis of Binding energy (more negative the energy, more the binding).
Peroxisome proliferator activated receptorgamma (PPAR g )
Peroxisome proliferator activated receptor-g is a major regulator in lipid metabolism. There are three types of the PPARg. They are alpha, beta/ delta and gamma. "PPAR alpha is involved in fatty acid uptake in the liver and heart. PPAR beta/delta participates in fatty acid oxidation in muscle. PPAR gamma helps in glucose and lipid uptake, kindles glucose oxidation, decrease free fatty acid level and improve insulin resistance 6 ."
Peroxisome proliferator-activated receptor gamma (PPARg) is highly present in adipose tissues that play a significant role on insulin resistance, cell differentiation and energy metabolism. It belongs to the family of nuclear receptor of transcription factors and is an important controller of target genes involved in glucose and lipid homeostasis 7 .
A drug molecule is considered to be a ligand which binds with protein targets following lock and key mechanism proposed by Emil Fischer, in which the lock represents the protein target and the key is the ligand. The major driving force for binding appears to be hydrophobic interaction which is controlled by hydrogen bonding interactions 8 .
Recent studies on Peroxisome proliferatoractivated receptor-g reveals that it act as very good receptors for insulin sensitizing drugs. The table 1 revealed the source, type of ligands that docked with various amino acid residues of Peroxisome proliferator-activated receptor-g, their Binding energies (Kcal/mol) and their Ki in (nM).
Glycogen synthase kinase-3b (GSK-3b)
Next promising enzyme to be targeted is Glycogen synthase kinase-3b (GSK-3b). Glycogen synthase kinase-3b which regulates glycogen metabolism and has a control over glucose levels. Glycogen synthase kinase-3b, which is an enthralling enzyme making it an evolving target for dreadful diseases. The GSK-3b inhibitors should be target specific when compared to other enzymes.
"The function of Glycogen synthase kinase-3b is phosphorylating a serine or threonine residue on its target substrate. The phosphate group attached to serine or threonine residues is bonded by a positively charged pocket adjacent to the active site. In turn the active site at residues 181, 200, 97, and 85 binds the terminal phosphate of adenosine tri phosphate and transfers it to the exact location on the substrate 14 ." Figure 1 illustrates the above binding.
Mymoona Akhtar et al.,
15 has carried out the inhibition of Glycogen synthase kinase-3b by involving a novel class of 3-anilino-4-arylmaleimide derivatives in a three-dimensional way. It is achieved by three mechanisms such as Adenosine tri phosphate non-competitive, Adenosine tri phosphate competitive, and metal ion competitive 16 . "In order to develop models that insights the biological activity of 3-anilino-4-arylmaleimides derivatives, the authors recognized the quantitative structure-activity relationship, comparative molecular similarity index analysis and comparative molecular field analysis models for GSK-3 inhibitors. It revealed strong H-bonding interactions of ligand with amino acid ." A thorough analysis of both comparative molecular field analysis and comparative molecular similarity index analysis models enabled the authors to give a modification in the structure, which would favor more on inhibition of Glycogen synthase kinase3b.
Yasser Bustanji et al., 17 has reported Curcumin as chief curcuminoid constituent present in spice turmeric and it exists as both keto and also as enol form. Mostly enol form is abundantly present. It is used as flavouring and colouring agent. Glycogen synthase kinase exists as two isoforms such as Glycogen synthase kinase-3a and Glycogen synthase kinase-3b, both have similar biochemical functions and substrate afûnities 18 .
The compounds which show inhibition activity against Glycogen synthase kinase-3â have been used as drug candidates for the treatment of many diseases such as type II diabetes, cancer, Alzheimer's disease, mood disorders, bipolar disorders, stroke, and chronic inûammatory [19] [20] [21] [22] [23] . Currently there are small molecules used as Glycogen synthase kinase-3b inhibitors in clinical studies for the treatment of diabetes mellitus 24 .
Curcumin has conjugated ket-enol system which is hydrogen bonded to VAL-135. The enolic hydroxyl group and the conjugated ketone of curcumin 25 in their paper studied molecular docking of anthraquinone derivatives on inhibition of Glycogen synthase kinase-3b. The ligands that were used for docking are Aesculin, Aesculetin, Anthragallol, Damnacanthal, Lucidin, Morindone, Nordamnacanthal and Rubiadin. Among the ligands, damnacanthal was found to possess lowest binding energy -7.23kcal/mol, with an estimated inhibition constant (kI) of 4.98 mM and nor-damnacanthal showed lowest binding energy of -6.94 kcal/mol with double the value of estimated inhibition constant, kI (8.25 µM). Anthragallol and morindone have similar binding energy values (-6.68kcal/mol) and estimated inhibition constant, kI (12.7 µM) but their conformations at the active site was found to be different. Rubiadin and lucidin has a slight deviation in binding energy at the active site but similar inhibition constant. Aesculetin and Aesculin has binding energy and inhibition constant to be -5.42,-5.99 kcal/mol and 105.78, 40.57 µM respectively. The amino acids involved in binding with the ligands were Asn64, Ser66, Lys85, Val135, Thr138, Lys183, Asp200 and Phe201 25 . The results revealed that the selective anthraquinone derivatives docks well and thus inhibits the activity of Glycogen synthase kinase-3b 25 .
In our molecular docking studies 13 of inhibitory activity of (4Z,12Z)-cyclopentadeca-4, 12-dienone extracted from the leaves of G.Hirsuta on Glycogen Synthase Kinase 3b revealed that the oxygen atom of the compound forms hydrogen bonding with LYS-85. Strong hydrophobic interaction was observed around the Cyclopentanone ring near the VAL-110, LEU-132, ALA-83, LEU-188, VAL-135, CYS-199 and PHE-67. Polar interactions also occur with amino acids such as Thr 138 and Asn 186. It had binding energy of -6.01 and Gliding energy to be -28.72 respectively 13 .
Wei Shen et al., 9 studied phytochemicals such as hesperidin, naringin, neohesperidin, nobiletin present in Citrus flavonoids with the molecular target Glycogen synthase kinase-3b. Hesperidin, naringin, neohesperidin have more OH functional groups in their structures, which might promote the formation of H-bonds between ligands and protein residues. The docking studies of the four ligands with the target showed that citrus flavonoids are potent inhibitors which dock well with the protein targets related to diabetes mellitus and thus impedes its activity. Citrus flavonoids thus play key role in blood glucose regulation, by triggering Peroxisome proliferator-activated receptor-g, and impeding Glycogen synthase kinase-3b. The more negative binding energy from the table 2 revealed that Hesperidin has good hindering activity towards Glycogen synthase kinase-3b.
Aldose Reductase (AR)
Aldo-keto reductase family has one of the chief enzyme Aldose reductase, which is rate limiting enzyme in polyol pathway and reduces glucose to sorbitol by employing Nicotinamide adenine dinucleotide phosphate-oxidase (NADPH) as a cofactor. Sorbitol dehydrogenase is the enzyme responsible for the conversion of Sorbitol into fructose 26, 27 . The polyol pathway signifies a minor route of glucose utilization, which consumes glucose less than 3%. The activity of this pathway is enhanced in the presence of high glucose and takes up to 30% of total glucose consumption 28 . Evidence for the participation of AR in diabetic neuropathy, retinopathy, nephropathy and cataract arose from several independent studies 29 . Tissue injury would result, if there is abnormality in this pathway mainly during diabetic condition which in turn Docking analysis was carried out in our previous work on the inhibitory activity of (4Z,12Z)-cyclopentadeca-4, 12-dienone extracted from the 13 . The compound interacts and fits neatly in the hydrophobic active site and induces unique and dramatic conformational changes and has a docking score of "7.61 which implicate that it had good inhibitory activity when compared with standard 33 .
Akila et al., 34 using in silico approach aimed to screen the constituents present in Peperomiapellucida, in order to determine the powerful constituent having antidiabetic activity. Docking analysis results clearly indicated that Yohimbine has binding energy of -10.08cal/ mol possessing high anti-diabetic activity when compared to the standard, Quercetin (-9.62 Kcal/mol).
Arumugam Madeswaran et al.,
35 studied on commercially available flavonoids such as biochanin, butein, esculatin, fisetin and herbacetin on the inhibitory effect of AR. The standard used was Eparestat, a known aldose reductase inhibitor. The results revealed that all the selected flavonoids showed binding energy ranging between -9.33 kcal/mol to -7.23 kcal/mol when compared to that of the standard (-8.73 kcal/mol). Inhibition constant (144.13 µM to 4.98 µM) and intermolecular energy (-11.42 kcal/mol to -7.83 kcal/mol) of the flavonoids also coincide with the binding energy. Butein, biochanin and herbacetin showed excellent binding interactions with aldose reductase enzyme than the standard when compared to other flavanoids. This is due to the difference in the position of the functional groups in the compounds 35 .
Antony et al., 36 in their paper investigated on the inhibitory effects of phytochemicals present in dietary spices such as Zingiberofficinale (ginger), Curcuma longa (turmeric) Allium sativum (garlic) and Trigonellafoenumgraecum (fenugreek) on AR. Molecular docking was performed on phytochemicals such as Gingerenones A, B and C, lariciresinol, quercetin and calebin A to study protein-ligand interactions. It is illustrated in the above table 3.
CONCLUSION
This review paper emphasized about the molecular docking of natural and commercially available compounds with the selected protein targets such as Peroxisome proliferators activated receptor gamma (PPAR-g), Glycogen synthase kinases 3b (GSK-3b) and Aldose reductase (AR) related to diabetes mellitus. The results gave an insight about possible structures that the ligands could have so that it can dock well with the protein targets. In silico approach would favour the scientists for the discovery of structurally favoured potential compounds for treating the chronic disorder, diabetes mellitus.
